Background and Purpose: Using the dexamethasone suppression test, we studied the suppressibility of the cortisol axis and its clinical determinants at various time points after stroke. A major aim was to examine the dexamethasone test as a diagnostic tool for the diagnosis of major depression in stroke patients.
In earlier studies from our stroke unit we have documented the common occurrence of hypercortisolism early after stroke manifested as elevated levels of 24-hour urinary free cortisol as well as a resistance to dexamethasone suppression.12 Hypercortisolism is a common feature in depressive disorders,3 and the dexamethasone suppression test has thus been considered a diagnostic tool, especially in very severe, particularly psychotic depressed patients. 4 We could not detect any association between hypercortisolism and major depression early after stroke. 2 However, some5-8 but not all9"10 research groups have reported an association between nonsuppression to dexamethasone and poststroke depression. The specificity and the sensitivity of the test for diagnosing depression in stroke patients have been reported as highly variable;5-911 however, the dexamethasone test obviously has been performed at highly variable time points after the stroke event. This may have influenced the test results, as the hypothalamic-pituitary-adrenal axis may theoretically be influenced by a number of different factors at various time points after stroke.
The aim of this longitudinal study was to examine the suppressibility of the cortisol axis and its clinical determinants at various time points after stroke. A major aim was to examine the dexamethasone suppression test as a diagnostic tool for the diagnosis of major depression in stroke patients.
Subjects and Methods
In a consecutive study, 98 patients were included from the stroke unit of the Department of Medicine, Umea University Hospital during a 12-month period. This unit admits patients directly from the emergency room who have had acute stroke for no more than 1 week.'2 Sixteen patients died early after admission. One patient was not assessable because of mental retardation, and one patient refused to participate. In eight patients the dexamethasone suppression test was not performed or laboratory data were incomplete. One patient was excluded owing to a plasma creatinine level >200 ,gmol/l and one because of obesity (body mass index >30). Thus, 70 patients were included in the present study. There were 44 men and 26 women with a mean+SD age of 73 + 11 years. Of these patients, 57 had an ischemic stroke, three a cerebral hemorrhage, and 10 a transient ischemic attack. The majority (80%) were suffering from their first stroke.
No patient had high fever (>38.5°C), known extensive weight loss or malnutrition, hypothyroidism or 10 days and at discharge as a control for stability of symptoms (modified DSM-III time criterion). When appropriate, information from relatives and staff was used to supplement patient interviews. Six patients could not be assessed regarding disorientation because of severe comprehension deficits; four of these also could not be assessed regarding depression (they could not reliably answer questions with affirmative or negative answers). All but one of these six disoriented patients died within 3 years. The surviving patient had severe comprehension deficits at 3 years and could not be assessed for either disorientation or depression. Consequently, he was not included in the longitudinal study.
Three months after the acute event the patients were reevaluated. Three patients died of recurrent stroke before follow-up, one patient refused to participate, and three patients did not undergo the dexamethasone suppression test. Thus, 63 patients remained for study. Forty-five patients were living in their homes, six were in homes for the aged, and 12 were in long-term wards. The patients were instructed to take 1 mg dexamethasone at 11 PM. The outpatients returned the following day for a physical examination and a psychiatric interview. After the examination, at about 3-4 PM, blood was drawn for cortisol analyses. Because of severe comprehension deficits, five patients could not be assessed regarding disorientation; three of these also were not assessable regarding depression.
One year after the stroke, patients were reexamined regarding major depression. Three more patients had died and two were not assessable. Thus, 61 patients were assessed.
The last follow-up was made 3 years after stroke. Since the 1-year follow-up, 12 patients had died, one had moved outside the region, and three refused to participate. Based on clinical criteria, four patients had had a recurrent stroke and were excluded, leaving forty-three patients remaining for evaluation. Thirty-four patients were living in their own homes, seven were in homes for the aged, and two were in long-term wards. The dexamethasone suppression test was performed in the same way as at the 3-month follow-up. One patient was not assessable regarding depression and disorientation because of severe comprehension deficits. During the follow-up period, three patients were treated with antidepressants in low doses (one patient with 25 mg/day nortriptyline and two with 10-20 mg/day clomipramine).
Informed consent was obtained from all participants or their relatives, and the study was 
Cross-sectional Analysis
First week after stroke. As shown in Figure 1 , none of the 17 healthy controls were nonsuppressors to dexamethasone, whereas 17 (24%) of the 70 stroke patients were nonsuppressors (p=0.03 by Fisher's exact test). Sixty-six patients were assessed for depression. Nineteen of these (29%) fulfilled the criteria of major depression. Of these, five (26%) were nonsuppressors, whereas nine (19%) of the 47 nondepressed patients were nonsuppressors (Table 2) . Cortisol values at 4 PM after dexamethasone correlated significantly to the values at 7 AM and 11 PM (r=0.78 and r=0.63, respectively; p<0.001). In the subsequent analyses, the 4 PM values were used. Stroke patients had somewhat higher cortisol levels after dexamethasone than the control subjects after adjustment for age and gender (p=0.07 by MANOVA). Within the stroke group, high cortisol levels correlated significantly to functional impairment and disorientation (r=0.35 and r=0.27, giving values of p=0.003 and p=0.03, respectively) but not to major depression (r=0.02).
Three months after stroke. The number of nonsuppressors was 14 of 63 (22%). Major depression was present in 18 of the 60 patients assessed for depression (30%). Five of the depressed stroke patients (28%) were nonsuppressors, whereas eight (19%) of the nondepressed patients were nonsuppressors (Table 2 ). There was a significant correlation between postdexamethasone cortisol levels early after stroke and at 3 months (r=0.58; p<0.001). There were no significant correlations between postdexamethasone cortisol levels and functional impairment, disorientation, or major depression (r=0.23, r=0.20, and r=0.14, giving values of p=0.09, p=0.13, andp=0.31, respectively).
Three years after stroke. Nine (21 %) of the 43 stroke patients were nonsuppressors to dexamethasone. Major depression was present in 10 of the 42 patients assessed for depression (24%). As shown in Table 2 , the number of nonsuppressors was one of 32 (3%) among patients without depression and seven of 10 (70%) among patients with major depression (p<0.001 by the twotailed Fisher's exact test). The postdexamethasone cortisol levels for patients with and without major depression are given in Figure 2 . Using the conventional cut-off criterion of 138 nmol/114 gives the test a sensitivity of 70%, a specificity of 97%, a positive predictive value of a positive test of 88%, a negative predictive value of 91%, and a diagnostic accuracy of 90%.
Postdexamethasone cortisol levels were significantly correlated with 3-month levels (r=0.59; p<0.001). Postdexamethasone cortisol levels were significantly associated with major depression (r=0.57; p<0.001) but not with functional impairment (r=0.28; p=0.07) or disorientation (r=0.22;p=0.17).
Longitudinal Analysis
In a separate analysis we restricted the study to long-term survivors, e.g., the 42 patients with data from all follow-ups. The predictive value of hypercortisolism on depression later in the course was studied. Of the 42 survivors, 33 were nonsuppressors at 3 months. Of these, three patients were depressed after 1 year and five after 3 years. Postdexamethasone cortisol levels at 3 months were positively correlated to major depression at 1 year (r=0.33; p=0.04) and at 3 years (r=0.50; p=0.001). Nonsuppression at 3 months was a statistically significant predictor of major depression at 3 years, with an odds ratio of 14 (95% confidence interval, 2.7-76.5).
Seven patients with early (0-3 months) depression recovered from depression before 1 year. Of these, all but one were suppressors at 3 months (one was a nonsuppressor throughout the follow-up period).
To take account of relations that could be overlooked by the univariate analyses, two separate discriminant function analyses were performed using age, gender, functional status and postdexamethasone cortisol values at 3 months as predictor variables and depression after 1 and 3 years as grouping variables. At 1 year the model was not significant, but at 3 years it showed significance (A=0.73; p=0.02; canonical correlation, 0.52). Within the model, postdexamethasone cortisol level at 3 months was the main predictor of major depression after 3 years (canonical loading, 0.95).
The determinants of postdexamethasone cortisol values at the various time points after stroke were studied in the long-term survivors by three separate standard multiple regressions. As shown in Table 3 , disorientation explained about the same proportion of the variance at all time points (p<0.19-0.23). Functional status was most important as a determinant of postdexamethasone cortisol levels early after stroke (p=0.09). Three years after stroke, major depression was a significant predictor of postdexamethasone cortisol values (p<0.001). When the nonsuppression criterion was used, a discriminant function analysis gave the same results (data not shown); i.e., major depression was the main predictor for nonsuppression at 3 years.
Discussion
A negative dexamethasone suppression test (i.e., a normal suppressibility to dexamethasone) in all cases but one correctly excluded major depression in nondepressed patients 3 years after stroke. The predictive value of a negative test was 91% in this setting. A false-positive rate of 3% with this test is well in agreement with the number of false-positives in studies of healthy elderly subjects.18 Earlier studies of the dexamethasone suppression test in stroke patients have given highly variable results. Ross and Rush19 described three patients with poststroke depression, all of them nonsuppressors to dexamethasone. The sensitivity of the test has been reported to vary between 0% and 67% and the specificity between 70% and 83%.5-9 In a recent study performed in subjects at a rehabilitation center a few weeks after an acute cerebrovascular accident, the sensitivity was 100%, but the specificity in diagnosing poststroke depression was only 14%.1" However, the use of the dexamethasone in stroke patients has differed widely. The inclusion time has varied from 8 to 1,280 days within the same study.10 In other studies the inclusion time has been stated as "more than three weeks after onset'8 or "less than one year after onset."6 Different classifications of the depressive state in stroke subjects have also been used. The present investigation is the first longitudinal study performed at well-defined time points in a population-based cohort of stroke patients.
In nonstroke patients a positive dexamethasone suppression test has been associated with major depression in 40-50% of the patients. 4 In more severe depression with psychotic features, the sensitivity of the test has been higher, i.e., 60-70%. 4 The specificity in nonstroke patients with major depression has varied from 70% to more than 0%.4 Furthermore, the dexamethasone suppression test has been said to be of limited value in patients with concomitant medical illness because a positive test is likely to be false owing to effects of medical illness on the cortisol axis.4 However, Lipsey et al,6 in a study of stroke patients somewhat younger than those in our study, found an association between major depression and nonsuppressibility to dexamethasone. The sensitivity of the test was stated as 67%, with a specificity of 70%. The total number of nonsuppressors to dexamethasone was clearly higher than that in our In summary, hypercortisolism 3 months after stroke seems to predict major depression later in the course; this subgroup of patients, therefore, warrants careful follow-up from a psychiatric viewpoint. The dexamethasone suppression test had a high specificity with a lower sensitivity in detecting major depression late after stroke.
